A man, aged 22, had opacity of both cornefe, following severe interstitial keratitis at the age of 18. Vision reduced to that of hand movements.
The first practical application to man of certain principles formed on the basis of experimental work on corneal transplantation was carried out in the case to be described, two years ago. The case was operated on at Guy's Hospital on November 15, 1930 , and I wish to thank Mr. A. W. Ormond for the privilege of seeing and treating it with him.
The patient was a man (F. H.) aged 22, who had developed severe interstitial keratitis in each eye at the age of 18, and afterwards had received a course of antispecific treatment. In 1930 both cornem were opaque and he could not count fingers held close to either eye. He could just discern hand-movements but could not see a person immediately in front of him and was quite unable to move about without feeling his way or without assistance. He had to be led about and had no useful vision.
The left eye was chosen for the operation. There was no area of clear cornea to be seen at all and the opacity was dense. No photograph was taken before operation, but both cornee appeared alike, and a photograph of his other eye, which has since been taken ( fig. 1, p. 34) , gives a good impression of the state of his left cornea before the operation.
The graft was taken from the cornea of a man, aged 42, of the same blood-group, after enucleation of the eye, which had received a perforating injury at the limbus MAR.-OPHTH, 1 598 Proceedings of the Royal Society of Medicine 34 twenty-six days previously, with retention of a non-magnetic foreign body. Curette evacuation of traumatic cataract was performed a week before enucleation. The cornea was slightly hazy, and the eye was injected and irritable, with some lens matter in the anterior chamber. When the eye was being removed the corneal wound gaped, and vitreous presented. After enucleation the gaping wound was closed with two stitches, and the eye was placed in a suitable holder. A graft of the whole thickness of the cornea was then removed with trephine and scissors, its margins being cut shelving, and it was placed in sterile olive oil. The graft was a little more than four millimetres in diameter.
The eye to be grafted was then anesthetized with cocaine, atropine having been inserted beforehand. The cornea was opaque and contained numerous fine bloodvessels. The line of demarcation between cornea and sclera was lost. With a concentrated beam of light the outline of the pupil could be seen faintly, and a circular superficial cut was made in the cornea over the pupil with a trephine slightly larger than that used to remove the graft. The cut so made soon showed up as a red line, owing to the vascularity of the part.
Two cross-stitches were now inserted in the substance of the cornea. The removal of the piece of opaque cornea was then effected by means of the same trephine and scissors, the margins being cut in a shelving manner. At this stage the patient said he could see the thin wooden strips, about eighteen inches apart, in the glass roof of the theatre. The cut edges of the cornea were white throughout and showed a uniform shelve. The lens was present and was seen to be transparent. The graft was now laid in place and covered with a thin glass disc, over which the cross-stitches were tied. The eye was covered with a shield and was treated daily vith boric lotion and a mydriatic oil.
Microscopic examination of the piece of cornea removed revealed great thickening of the epithelium, and permeation of the whole of the stroma by blood-vessels ( fig. 2) . Subsequent progress.-The stitches and glass disc were removed on the tenth day.
The graft had united well and was nearly transparent. The eye was injected. Two days later the patient could count fingers at a yard, and the graft was practically transparent, with a bright light reflex.
Examination with a loupe revealed the presence of a central grey cloud in the deep layers of the graft, and slight encroachment of the margin by superficial blood-vessels.
A fortnight after operation the graft was well in place and flat, with scattered small grey patches in the deep stroma layers. The iris was free, and the eye was less injected. The patient was able to count fingers at a metre. Three weeks after operation the graft began to look dull, and with a loupe minute vessels could be seen in it, extending from the corneal stroma; the vision had deteriorated and the patient could not count fingers. The graft became quite cloudy, but showed a slight tendency to improve one month after operation.
Two months after operation the patient was able to count fingers at 6 in. There was very little redness of the eye. The graft was grey, the opacity being mostly in the central area and in the deep layers, where a few minute blood-vessels could be seen. The deep opacity viewed through a loupe was distributed in more or less parallel wavy lines.
Five months after operation the patient could count fingers at 2 ft., and he could point to people in a room. The graft was nebulous, with two or three minute areas in which the opacity was slight.
A year after operation the graft was clearer than the surrounding cornea, although the latter was less opaque than before the operation. The patient could count fingers ! ' t ' ' 1 ; P : ; s f > 7 > s ' v 2, t ; ts -ti #. E'., up to 30 in. The eye was not red and the graft was uniform with the curvature of the cornea.
Two years after operation the patient's vision in a darkened room with the light behind him, was finger-counting up to 33 in. The graft had become more transparent and was practically clear, apart from a greyness which existed in the deep layers. Viewed with a slit-lamp, this slight opacity in the deep layers of the graft was seen to be distributed in the form of grey parallel lines. The middle and superficial layers of the stroma showed a fine haze, consisting of minute dots of opacity in a clear stroma. The iris and pupil could be seen through the graft. The middle of the pupil was opposite the upper margin of the graft, so that the position of the two did not exactly correspond. The epithelium was shining and transparent and no blood-vessels could now be seen in the graft. The patient's vision is sufficient to enable him to walk in London alone and without a stick. 1 have walked along Oxford Street with him and he did not collide with anybody or anything. He can see the kerb when crossing a road, and does not hesitate in his step. He can see to eat his meals and can read the headlines of newspapers. He can see to open a door and to find a chair, and he does not miss a hand offered for a hand-shake. I have seen him board a 'bus, run smartly up the steps, and walk straight to an empty seat.
While recognizing the imperfections of the case, certain features deserve special comment, because they probably account for some of those imperfections, and could be avoided in future similar cases:
(1) The graft itself was taken from a slightly hazy cornea, and consequently lhas to be regarded as being not quite normal-or slightly damaged-corneal tissue.
(2) Further experiments on animals have led me to the conclusion that the insertion of a glass disc over the graft does not give such good results as when no disc is used.
(3) The middle of the pupil is opposite the scar at the upper margin of the graft. Vision would be better if the graft were placed exactly in front of the pupil.
I believe that all these factors contributed to diminish the chances of the best functional result. On the other hand, the man was an excellent patient, and, by FI. 3Left eye.
his behaviour during and after the operation, contributed in large measure to its Success.
The operation was performed under cocaine aneasthesia, and the patient tells me that apart from a sore feeling in the eye for some hours after operation, he had no pain.
Elschnig has pointed out tha~t an operation for corneal transplantation has a profoundly stimulating effect on the rest of the cornea., leading to diminution of opacity at the periphery of the cornea. His statement is borne out by the clearing that has taken place in the rest of the cornea in this case.
The opacity in the deep layers of the graft, in the form of fine lines running more or less parallel, has also been noted in two rabbits in my series of experiments, in which the grafts were clear in all but the deep layers.
The accompanyiing photomicrographs (figs. 4 and 5) of one of these grafts show that the opacity is due to new tissue formed behind the graft's Descemet's membrane, and that the wavy appearance of the opacity duriing life is due to folds in Descemet's membrane. There is a new Descemet's membrane formed posterior to this new tissue, extending over the whole area of the graft.
Tne new Descemet is regular in outline and not in folds; its thickness is nearly Section oJ Ophthalmology 4,a, while the graft's original Descemet, and that of the adjacent cornea, are each about 8,u.
The iris was adherent to the graft, and the wavy nature of the deep opacity was noted in one case seven weeks after operation, in another case five months after operation. In the case of this patient there is no adhesion of the iris, and it seems likely that the deep opacitv in parallel lines is due to folds in Descemet's membrane, together with some connective tissue formation either behiild or in front of that membrane, the result of vascularization of the graft. Recently Miss Ida Mann asked me to operate for her on a child aged 2 years. The chances of success seemed to be comparatively poor, and yet without an attempt the condition was hopeless. I advised the mother to take that chance, and she did so. This baby had been blinded by ophtbalmia neonatorum, and since ten days of age had been quite blind; both cornew were derisely white and it was decided to operate on one eye. At the operation the lens was found to be missing; there had been a perforation, and the cornea was staphylomatous. The iris, as a separate entity, did not exist, it was plastered on to the back of the cornea. As soon as one opened the eye and removed the disc, a little vitreous escaped. The operation was performed on December 3. At the present time that graft is very nearly transparent; there is a little haziness in the superficial layers, due, I think, to a tendency to drying. The eyes have been kept open, and ordinary blinking has been less than normal. The eye has been treated with oil.
It is interesting to watch the child learning to see, because he had never seen anything more than light and dark. At present he can see his hand passing between his eye and the light, and this morning when I took a small piece of red paper and cast a circle of light on to it, he looked at it and thought he could take it; he gripped the red paper and tore it up.
It is, as yet, early to report this case; it is only because of its relation to the subject matter of my paper that I mention it. I shall not make a formal report on this case until I see what happens eventually.
With regard to Elschnig's comiment on cases of this type, I have here one or two brief extracts from his recent paper (Archives of Ophthalmology, vol. iv, August, 1930) . In regard to the operation for corneal transplantation which he performs, he says that it is inadvisable in a child under 14 years of age; that it is almost hopeless in total leucoma, and always if the iris is adherent to the cornea; that one should decline to operate on aphakic eyes, and cases with wide flat anterior synechiae, or in cases of glaucoma.
It is of interest to note that in the case of the baby referred to above the eye exhibited these unfavourable features, and yet the graft became well united, and so far (six weeks) retains a considerable degree of transparency.
Corneal transplantation is a small and specialized, but nevertheless important, branch of plastic work. It shares with plastic surgery and ophthalmology the necessity that exists in each for precision and care. The practical application of established principles still demands a minute attention to detail, and my experience is that for the preservation of transparency in such a small graft every detail is important.
The case that has been demonstrated to-day serves to show that corneal transplantation in man is a practical procedure which can be carried out with benefit. It is the first of its kind that I have to record, and it is a satisfaction to know that the result has been to give a modicum of useful sight where none existed previously, and to enable the patient to enjoy a certain degree of independence.
Discussion.-The PRESIDENT said he did not understand how Mr. Thomas made the shelving edge in using a trephine. As to the advisability of making the graft rather smaller than the width of the hole into which it was to be introduced, he would like to know bow much smaller it should be; he presumed a different trephine was employed. And in the cross-stitching, what needle and what size thread should be used?
There was an interesting point as to the types of tissue. Was it important to have as the donor of the graft a person of the same blood-group as the recipient? He understood that the experience of general surgeons was that they could not do anything at all with foreign skin or bone grafts.
With regard to operating on babies: as so many of them had glaucoma and staphyloma, would it not be advisable first to attempt to relieve the glaucoma by trephining, and then 39 Section of Ophthalmology 603 proceed with the grafting? Some years ago he had had a very satisfactory case of glaucoma so treated, in a baby, whom he had shown at a meeting of the Section. The child's cornea was beginning to bulge as a result of a complete anterior synechia. He carried out a corneoscleral trephining, and eventually made an artificial pupil after the tension came down, and the boy obtained useful sight.
Mr. LESLIE PATON said that the point mentioned by the President as to the possibility of grafting from other animals specially interested him, and he hoped Mr. Tudor Thomas would experiment on it. It concerned the possibility of grafts from animals other than human beings. Had Mr. Tudor Thomas done any experimental work in that way? Many years ago he, Mr. Paton, had had some cases of conjunctival grafts, and one of them he reported to the Section. It was a case of extensive symblepharon resulting from a chemical burn, and the lower lid was adherent to the lower margin of the cornea, there being no lower fornix at all. He grafted frog's mucous membrane-i.e., from a frog's mouth-and the result was very successful-a motile eye with a good lower conjunctival sac being obtained. Many times since then the statement had been made that a heterogenous graft could not take, and he had tried to explain why that case was successful. His view was that the mucous membrane used formed a scaffolding, on which healthy mucous membrane developed; that the raw spaces were protected by the grafted mucous mnembrane and gradually got covered by conjunctiva. The case was shown at a meeting of the Section several months after the operation, and there was a very healthy conjunctival sac. He had treated several subsequent cases in the same way, and had occasionally used the same method for enlarging contracted sockets; and had had success in two or three cases. Dr. A. J. BALLANTYNE, referring to Mr. Thomas's remark as to the relative success obtained in eyes blind from interstitial keratitis, asked whether he could give the reason for that result; whether it was due to the vascularization of the cornea in that disease, and why in cases of leukoma from ophthalmia neonatorum or perforating ulcer the treatment should give such unsuccessful results.
Miss IDA MANN said that she also had grafted frog's mucous membrane on to the conjunctiva. One interesting case was that of a man who had obliteration of fornices from severe trachoma. The graft took, and there were good fornices for two months, and then the new conjunctiva developed trachoma, and a second shrinkage occurred.
With regard to the baby patient that Mr. Tudor Thomas had mentioned, she was glad she had been able to persuade him to operate on it, in spite of Elschnig's warning against performing the operation on a child under 14 years of age, in the presence of anterior staphyloma. The difference in the child's reactions in this case was obvious, and was remarkably interesting to watch. He had become excited when shown a light a few days after the operation. Dr. A. J. BALLANTYNE said that Miss Mann had raised another interesting point, namely, that of the graft becoming infected with trachoma. In a paper read before the Section by Mr. Pomfret Kilner' it had been stated that Thiersch grafts had been made after cure of lupus, and that though lupus might break out again in the surrounding tissue, it never affected the Tbiersch graft.
Sir HAROLD GILLIES said that a point of great interest to him was the question of heterologous grafts. His experience was small, but he thought it was now definitely established that Thiersch's grafting was possible from one human being to another. There was the case of a man who fell into a boiling vat, at Stoke-on-Trent. He had many friends among the factory hands, and they offered parts of their legs for use on him, so that he became the proud possessor of a part of the legs of Lucy, and Annie, and so on, all the way up his legs. That was evidence of a very definite character that Thiersch's grafts from one human being to another could succeed. A good deal of work should be done on the subject, and he felt ashamed that he, and the people associated with him, had not found the time 604 Proceedings of the Royal Society of Medicine 40 and the energy to carry it on. But he had done two experiments with flap grafting from one human being to another, leaving the patients attached for a period. One was of a doctor's child whose leg was denuded of skin owing to an accident. A patient of the father's volunteered a flap of skin from her abdominal wall which, incidentally, was excessive. Accordingly, he, the speaker, made a pedicle flap on the lady's stomach, and when that was established he pushed the little girl's leg under it. They were both of the same blood-group. The first result after three days was that the donor appeared to be absorbing soume protein poison from the recipient; from the eighth to the eleventh day the recipient became definitely toxic. Meantime the graft had survived, except for a corner 2 in. square, and in comparison with the size of the graft that was nothing to worry about. He had been persuaded to divide the two earlier than he would otherwise have done. When divided from the donor the new graft on the child's leg became white and never recovered any blood-supply from the limb. It was, however, amazingly adherent, as if there were a definite barrier between that flap and the recipient bed. He had to dissect off the subsequent slough; he could not pull it off in the ordinary way. The limb healed in an astonishing way after that slough had been removed, as if some stimulus had been imparted to the local area. The two others were war cases, with chronic leg ulcers, and he joined a pedicle flap from one leg to that of the other, and the same type of history occurred, success being achieved without the graft surviving.
He thought that many heterologous grafts of eye sockets, fornices, etc., were successful, for the reason Mr. Paton had just given, namely, that the graft constituted a retention apparatus and a very efficient dressing-something which induced growth of the normal tissues. On the other hand, heterologous cartilage grafts would survive as long as he had been able to observe them; they underwent very slow absorption. Eleven years was the longest time of which he had known personally. He was told by a man practising in Central Africa, that he had succeeded in transferring skin from one native to another in the form of flaps.
That opened up another question, namely, whether heterologous or homcgenous crossgrafting in the lower animal world was not more easy than grafting in the human.
He had not much faith in the heterologous graft as sucb. Arbuthnot Lane had done much homogenous grafting with chicken bones, etc., but had removed them all, chiefly he (the speaker) believed, because one of them had formed a new growth. He had tried a graft from a calf to make a support for a human nose, but the tissues did not stand for twenty-four hours, and it had to be taken straight away.
It was difficult to tell, in the case even of mucous membrane grafts on the lid edge, whether the mucous membrane had survived as such, or whether it was a -replacement. He thought there was no question that autologous mucous membrane and Thiersch grafts did succeed. He had transplanted tattoo marks from one part of the body to another. There was the famous case of a man who had his name grafted across his head.
Mr. Tudor Thomas's successes were due, to a certain extent, to the pressure method of grafting. In all skin, mucous membrane and corneal grafting one should aim at getting an even pressure; the tension behind the graft and the tension on the surface of corneal grafts should be as nearly normal tension as possible.
Mr. TUDOR THOMAS (in reply) said he thought that larger grafts could be used, although he did not approve of them. If one went to the extreme and transplanted the whole of the cornea, it was his experience that the central area suffered from lack of nutrition, and possibly also from exposure, being insensitive. Ulcers formed in consequence and the whole area became vascular and left a dense opacity, particularly in the centre, where it was specially required to be clear.
Another advantage of using not too large a graft was that one could keep the iris free by using atropine, and if the graft was rather large there probably was more tendency for the iris to become adherent than in the case of a comparatively small graft. Of course, larger grafts could be used, and eserine could be employed instead of atropine. His own results had not been so good with larger grafts as with smaller ones. He had had success with a *graft which was 2 mm. larger, but the results on the whole were definitely inferior to those attained when using grafts of the size he now employed. HEe had concluded that that size was the optimum: it did not take a great deal to establish nourishment in a small graft.
In answer to the President, the shelving edge was obtained by penetrating the cornea 41 Section of Ophthalmology 605 with a trephine, the trephine being held at an angle, and when the anterior chamber was opened the cut was continued round the circle by means of scissors, using the latter in such a way that a decided slope was cut. It was not really a difficult process.
He marked out a circle superficially, then opened it, and with suitable scissors the cut was continued in the line of the circle. It was a very small graft, and when it was removed it looked circular. The graft was removed with a trephine, a smaller one than he used for removing the opaque piece from the eye. He gave the reason for this when he described the experimental work in his paper some time ago.' The chief reason was that there was a tendency in the early days for the graft to swell, and if the two were cut of exactly the same size a part of the margin of the graft might overlap the cornea, leading to much more swelling of the graft, which generally became opaque. Furthermore, the degree of cutting by the stitches was increased. By making the graft a little smaller, room was given for expansion; the difference in size was about one-third of a millimetre.
The method of stitching was that described as " cross-stitching " in the paper published in the Lancet. The stitches should be symmetrically placed so that the graft was held down at eight points of the margin-which practically meant that it was held down evenly all round. If a glass disc was used to cover the graft, septic processes might take place at the edge of the graft and beneath the disc; one could not disturb it or wash it, and one had the discomfiture of seeing it being gradually infected. He was not sure that the effect of covering the graft with a piece of tissue to exclude it from the air for ten days would be a good thing; he thought the vitality of the graft was better if it remained exposed to the air. He did not cover the eye with a pad, but simply put a shield over it. The baby, of course, opened its eye when it wanted to. He used No. 0 silk, and a No. 4 half-curved eyeless needle.
He had not had enough experience to know whether taking the graft from a person of the same blood-group as the recipient was of importance; he could only theorize about that. After all, one was not transplanting red blood-cells, and the blood-grouping was determined by the reaction between the blood-plasmna and the red cells. As a practical measure, however, so that nothing desirable should be left undone, he had tried to obtain a donor with the same blood-grouping.
With regard to trephining an eye first of all when there was increased tension, he agreed as to that, but in the case of the baby referred to the eye seemed to have a practically normal tension. In these staphylomatous eyes, sometimes the tension seemed to be normal, probably because of the deficient secretion of aqueous, and in the case of the baby he did not think it necessary to do anything for the glaucoma beforehand.
The remarks of Mr. Leslie Paton had been largely answered by Sir Harold Gillies. He (the speaker) would be pleased to show the baby later on, but time must be allowed to see what would happen. He was anxious not to show the case now as one which was doing well, when it migbt not turn out so well at a remote date.
With regard to Dr. Ballantyne's remarks on success in cases of interstitial keratitis, he thought that it was partly due to the fact that in those cases the iris was free; there was no question of leukoma adherens. Those eyes were more favourable, according to Elschnig.
Elschnig operated upon eyes, and included them in his results as successes which, in this country, ophthalmic surgeons would not touch. In the case of one eye the vision was 65, and after operation the resulting vision was #. The better the vision in the eye and the clearer the cornea one was grafting, the more likely was the eye to do well; and if one operated on an eye with vision of &, the chances of a good result were certainly better. If he, the speaker, saw a man with an eye of Ai vision, he would advise him to have nothing operative done.
He thought that in Elschnig's cases human curnem were used for the grafts; none, he thought, was rabbit's or pig's cornea.
He was grateful to Sir Harold Gillies for his remarks. He (Mr. Thomas) had tried grafting in animals low down in the scale-from a cat to a rabbit, for instance-and succeeded in obtaining a graft which would unite, but not a transparent graft or anything approaching it. None of them seemed to do well; they united, but became vascularized. He doubted whether there was a prospect of using animals' eyes for grafting on to human eyes. He was continuing work on those lines, grafting from one animal to another, and he hoped to publish the results later. So far they had not been encouraging.
1Lancet, 1931 (i), p. 335.
